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Problem: Large differences among
Instruments and users
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Definition of Turbidity

“...an expression of the optical properties of a
liguid that causes light rays to be scattered and
absorbed rather than transmitted in straight lines
through a sample.” (ASTM International, 2003a)

— Suspended material R

 clay, silt, finely divided organic matter,
plankton, other microscopic organisms

— Dissolved material

e organic acids and dyes
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Measurement

BACKSCATTER
DETECTOR
(Optional)

90° DETECTOR
(Required)

A

FORWARD SCATTER
DETECTOR
(Optional)

Light Source

(White Light Tungsten Filament
or
near-IR LED)

§

N

Sample Cell

TRANSMITTED
DETECTOR
(Optional)
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Single detector, white light (standard
nephelometry)

Multiple detectors (ratiometry)

Near-IR nephelometry
— Non-ratio (single detector)
— Ratio (multiple detectors)

Surface Scatter
Backscatter

Attenuation / Transmission
Static (benchtop) vs Dynamic (submersible)
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Effect of Color
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Effect of Light Source & Detectors
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New Reporting Units

Light Wavelength

Detector Geometry

White or broad band
(400-680 nm)

Near-1R or Monochrome
(780-900 nm)

Si

ngle-Beam Light Source

Single Detector Nephelometry
(90°)

NTU— Nephelometric
Turbidity Unit

FNU— Formazin
Nephelometric Unit

Multiple Detector Nephelometry
(90° and other angles)

NTRU— Nephelometric
Turbidity Ratio Unit

FNRU— Formazin
Nephelometric Ratio Unit

Single Detector Backscatter
(30°)

BU— Backscatter Unit

FBU— Formazin
Backscatter Unit

Single Detector Attenuation
(180°)

AU— Attenuation Unit

FAU— Formazin
Attenuation Unit)

Multiple-Beam Light Source

Multiple Detector Nephelometry
(90° and other angles)

NTMU— Nephelometric
Turbidity Multibeam Unit

FNMU— Formazin
Nephelometric Multibeam
Unit




sc:ence for a chanaina world



W, Fr

Lo

- T v 'l i o 2 - r.
“'."‘.9 . . %
\.“‘\".‘l’ -t \\ ] ” ] . ’ y - A ’
B R T A R 1

’ [
e

Where to f

o
S, w“"*
T3

¢« USGS Natlonal Field I\/Iantjral"Ch 6.7
(http lIwater. usgs gov/owq/FleIdI\/IanuaI)

J

h

science for a chanaina world - PRl =5 e . s g



\‘-.._.5- <y -l P

; ..4..;'.




&

USGS

science for a chanaina world




ns apply to’
natural

Turbidity isn't'an in mherenL phy5|cal
- property ¢ &is affected by many factors

Technologfcar advances that account for
- these factors aise :._;;"’?duce comparability

. Techmques matter (statlc/dynamlc
callbrants use’d)

RIS e WO
BT S S amy

w‘

USGS

a world



Turbidity

Effect of Dilutions

| » . Near IR
1000 § (YSI 6026)
500 §
Ratio Meter

(Hach 2100AN)

® Ratio Meter Diluted
(Hach 2100 AN)

Site Number
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Effect of Particle Size and Density

Upper Squaw Creek, 3-Sisters Wilderness, Oregon, August 2003

600

White-light, Ratio
> 4008 (Hach 2100P)
©
o 300g
>
= 200§

(Hach 2100N)

2 3
A
Subsample # S

— &2 USGS

B White-light, Non-ratio

science for a chanaina world



Factors affecting turbidity

Properties
of water
matrix

Effect on Direction
Measurement of effect

Instrument
designs to
compensate

Color

Absorption of
light beam Negative (-)

Near-IR

*Multiple
detectors

Particle Size:
el arge
Small

A — Dependent + (Near IR)
- (White)

*\White Light
Near IR

Particle
Density

Increases
forward & back Negative (-)
scattering

*Multiple
Detectors

Backscatter




Factors affecting measurements

* Particles

e Color

e Light source

 Number and configuration of detectors
« Particle settling

 Mechanical & Sample problems

-
—— r‘{
science for a chanaina world




Example - YSI Probes

Comparison of new Y5l turbidity probe with Hach
2100AH
sites number 1-71

—+— Hach 2100AM
—=— "5 6136




Instrument Comparisons
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Data Storage

= USGS—
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Callbrants
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FAQ

« EPA Role/Response?
 What about FTU?
 Polymer vs Formazin?

 \Why do some units contain “formazin” in
name and some don’t?

e Can USGS just do this w/o EPA?
e \WWhat's the best instrument to use?
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